Background: In a prospective cohort study of antiemetic therapy conducted in Malaysia, a total of 94 patients received low emetogenic chemotherapy (LEC) with or without granisetron injections as the primary prophylaxis for chemotherapy-induced nausea and vomiting (CINV). This study is a retrospective cost analysis of two antiemetic regimens from the payer perspective. Materials and Methods: This cost evaluation refers to 2011, the year in which the observation was conducted. Direct costs incurred by hospitals including the drug acquisition, materials and time spent for clinical activities from prescribing to dispensing of home medications were evaluated (MYR 1=$0.32 USD). As reported to be significantly different between two regimens (96.1% vs 81.0%; p=0.017), the complete response rate of acute emesis which was defined as a patient successfully treated without any emesis episode within 24 hours after LEC was used as the main indicator for effectiveness. Results: Antiemetic drug acquisition cost per patient was 40.7 times higher for the granisetron-based regimen than for the standard regimen (MYR 64.3 vs 1.58). When both the costs for materials and clinical activities were  included, the total cost per patient was 8.68 times higher for the granisetron-based regimen (MYR 73.5 vs 8.47) . Considering the complete response rates, the mean cost per successfully treated patient in granisetron group was 7.31 times higher (MYR 76.5 vs 10.5). The incremental cost-effectiveness ratio (ICER) with granisetron-based regimen, relative to the standard regimen, was MYR 430.7. It was found to be most sensitive to the change of antiemetic effects of granisetron-based regimen. Conclusions: While providing a better efficacy in acute emesis control, the low incidence of acute emesis and high ICER makes use of granisetron as primary prophylaxis in LEC controversial.
Introduction
Over the past few years, economic evaluation has become increasingly important in the local public health services. Malaysia has been spending approximately 5% of its gross domestic product (GDP) on healthcare and about 98% of cost of public health services was funded directly by government (Hassali et al., 2013) . Budgetary pressures and increasing drug acquisition cost have been shifting the payers' attention to the assessment of treatment effects using endpoints other than clinical efficacy (Erntoft, 2011) . Consistent with the global trend, economic evaluation is now widely adopted in our country to perform objective comparisons between treatment alternatives in terms of cost and effectiveness.
To conduct an economic evaluation, the randomized and blinded trials are recognized as the most scientifically valid evidence for cost-effectiveness. This would minimize bias and uncertainty, providing only objectively collected data. Meantime, analysis using retrospective RESEARCH ARTICLE
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Chan Huan Keat*, Norazila Abdul Ghani data from prospective observational studies is accepted as an alternative approach when trial data is unavailable (Marshall and Hux, 2009 ). However, it is important to note that using observational data is not always considered optimal in economic evaluation due to potential bias introduced by the lack of randomization. Economic analysis of cancer treatment has been consistently focusing on supportive care since the last two decades. Antiemetic treatment is always the target of these studies due to its high acquisition cost and the lack of curative effects (Uyl-de Groot et al., 2000) . To date, almost all the pharmacoeconomic studies of antiemetic treatment have been targeting the most costly items including aprepitant (Lordick et al., 2007; Moore et al., 2007; Annemans et al., 2008; Lopes et al., 2012) and serotonin type-3 (5HT-3) antagonists (Cox and Hirsch, 1993; Cunningham et al., 1993; Ballatori et al., 1994; Colayco and Hay, 2010) . Overall, most of the findings showed that adding these new agents to the traditional antiemetic regimens provides incremental benefits in terms of cost-effectiveness.
As the second 5-HT3 antagonist developed after ondansetron, granisetron has been widely used since 1990's . It is currently listed in the National Drug Formulary of Malaysia for two indications: chemotherapy-induced and post-operative nausea and vomiting (CINV and PONV) (Pharmacy Services Division Malaysia, 2011) . Consistent with the trend reported by two previous studies (Almazron and Alnaim, 2012; Burmeister et al., 2012) , it appears to be overprescribed for low emetogenic chemotherapy (LEC) among some of the general hospitals in Malaysia. In fact, it is only recommended to be used as the primary prophylaxis in moderately and highly-emetogenic chemotherapy (MEC and HEC) by both the local and international antiemetic guidelines (Ismail et al., 2011; Ettinger et al., 2012) .
It is noted that almost all the previous economic analysis involving granisetron were conducted using MEC and HEC. As described in our previous study, granisetron used as the primary prophylaxis has been demonstrating a better control of acute emesis which occurred within 24 hours after LEC among the local population (Chan et al., 2013) . However, its high usage had unavoidably led to a budgetary pressure among the government-funded hospitals. To date, there is a lack of information to justify its use in LEC from the pharmacoeconomic standpoint. This is an economic evaluation conducted retrospectively using data from our previous study. We compared two antiemetic regimens with and without granisetron in terms of cost and effectiveness from the payer's perspectives.
Materials and Methods

Available data on efficacy and adverse effects
In our previous cohort study of antiemetic therapy, a total of 94 patients had received LEC with or without granisetron injections as the primary prophylaxis for CINV. All of them had received a single chemotherapeutic agent with an emetogenic level of two or below including gemcitabine (n=40), fluorouracil (n=25), vinorelbine (n=22) and docetaxel (n=7). They were warded during the administration of scheduled LEC and discharged after the administration completed. The previous study compared a regimen of granisetron (a single dose of 3mg intravenously) used concurrently with dexamethasone (a single dose of 8mg intravenously) or metoclopramide (a single dose of 10mg intravenously) versus a regimen containing only dexamethasone or metoclopramide.
The results of a five-day follow up showed a higher complete response rate of acute emesis for granisetronbased regimen (n=52) than for standard regimen (n=42) (96.1% vs 81.0%; p=0.017). Complete response was defined as a patient successfully treated without any emesis episode or use of rescue medications. No significant differences were found in the control of acute nausea, delayed nausea and delayed emesis between two regimens. With this, the complete response rate of acute emesis was used as the main indicator for effectiveness in this retrospective analysis. There were no cases of extended hospitalization, re-admission and additional visit due to uncontrolled CINV or severe adverse effects reported during the follow-up period. On top of that, none of the acute emesis episodes had occurred during the hospitalization period. Figure 1 outlines the breakdown of the cost elements incurred in both granisetron-based and standard regimens. The cost and cost-effectiveness analysis were referred to 2011 (MYR 1=$0.32 USD), the year in which the prospective cohort study was conducted. This retrospective analysis was conducted from the hospital's perspectives. Therefore, the intangible and indirect cost which occurred after the patient's discharge was not evaluated. Direct cost was calculated based on clinical activities performed by four groups of hospitals staffs: medical doctors (prescribing and review before discharge), pharmacists (screening and dispensing), pharmacist's assistants (filling and labeling) and nurses (administration). Three categories of cost were evaluated: drug acquisition, materials used and time spent by the medical staffs.
Economic evaluation model
Drug acquisition costs
In Malaysia, injectable granisetron (Kytril ® ) was available in vials of 3mg (MYR 62.66 each). All patients in granisetron group had received a dosage of 3mg irrespective of their body weight. On top of that, all patients in both groups had received either one vial of metoclopramide or dexamethasone prior to LEC. Metoclopramide and dexamethasone were marketed in 10mg (MYR 0.38 each) and 8mg (MYR 0.69 each) vials, respectively.
There were no additional medications used to manage uncontrolled CINV or adverse effects after the administration of LEC in both groups. All patients were discharged with two oral medications. Each of them was given 24 tablets of dexamethasone (MYR 0.38 per ten 0.5mg tablets) to be taken at a dosage of 2mg twice daily for three days. Ten metoclopramide tablets (MYR 0.19 per ten 10mg tablets) were also given to all patients to be taken at a dosage of 10mg three times daily and used as the rescue medications.
Material costs
All medications were prescribed in the e-Hospital Information System (e-His) by doctors and the prescription was then printed out. The cost of a printed prescription was MYR 0.10. Each medication was filled by a pharmacist's assistant into a plastic envelope and labeled with a printed note before it was sent to the ward or dispensed. The cost of an envelope with printed label was MYR 0.20.
To administer antiemetics, an ampoule of 10mL normal saline (MYR 0.03 each), a 10mLsyringe (MYR 0.30) and a 21G needle (MYR 0.06) were needed. Cost of intravenous sets was not included as antiemetics were administered using the same equipment as for LEC.
Time spent for clinical activities
We had performed a time and motion study to assess the time spent by medical doctors, pharmacists, pharmacist's assistants and nurses to perform the related clinical activities. Three samples from each group were observed and estimation was made for time spent in each clinical activity. The mean cost per minute per staff was calculated via dividing the individual monthly income (with allowance excluded) by the number of minutes worked. Each staff worked for eight hours a day and it was estimated that the average working days for each staff were 20.33 days per month. The mean costs were estimated as follows: MYR 0.35 per minute for medical doctors, MYR 0.26 per minute for pharmacists and MYR 0.17 per minute for both pharmacist's assistants and nurses.
Incremental analysis
The average cost-effectiveness ratio (CER), which was defined as mean cost per successfully treated patient in this study, was calculated by dividing the mean cost of antiemetic therapy by the complete response rate (in the fraction of one). Incremental cost-effectiveness ratio (ICER) can be calculated using the difference in mean cost divided by the difference in outcomes (Rothermel, 2013) . In this context, we found ICER via dividing the incremental cost by the incremental efficacy (in the fraction of one).
Sensitivity analysis
Considering this was a retrospective study which was unavoidably exposed to uncertainty, a series of one-way sensitivity analysis were conducted to test the robustness of results. Referring to a previous pharmacoeconomic study of ondansetron which used the similar design (Ballatori et al, 1994) , we varied the drug acquisition cost, material cost and response rates by ±10%. Due to a high degree of estimation involved, a variation of ±50% for cost (time) spent for clinical activities were applied. Cost changes due to two specific scenarios were also tested: if generic granisetron was used and granisetron dosage was reduced to 1mg as recommended by the updated guidelines (Ismail et al., 2011; Ettinger et al., 2012) . Table 1 details the cost incurred in both granisetron and non-granisetron groups. Antiemetic drug acquisition cost per patient was 40.70 times higher for the granisetron-based regimen than for the standard regimen. When both the costs for materials and clinical activities were included, the total cost per patient was 8.68 times higher for granisetron-based regimen. On top of the granisetron acquisition cost, the variations of other costs between two regimens are explained as follows: i) A total of 29 and 11 patients were given dexamethasone injections concurrently prior to LEC in granisetron and non-granisetron groups, respectively. The rest of them were given metoclopramide injections. ii) Additional materials used in the granisetron group included a drug envelope with printed label, an ampoule of normal saline, a syringe and a needle. All prescribed antiemetics were printed on the same prescription. iii) Time (minutes) (2), administration (5) and review before discharge (5). iv) Additional time (minutes) spent for clinical activities in granisetron group: prescribing (+1), filling and labeling (+1), dilution (+2) and administration (+5).
Results
Cost analysis and ratios of cost
Cost-effectiveness analysis
All the information used in calculation and results of the incremental analysis are summarized in Table 2 .
Sensitivity analysis
The impact of varied cost and efficacy on ICER is reflected in Table 3 . It is found that ICER was most sensitive to the change in the efficacy of granisetron-based regimen, followed by that of standard regimen and the acquisition cost of granisetron injections.
Discussion
To our knowledge, this is the first economic evaluation of antiemetic use for chemotherapy in Malaysia. It is also the only study which had investigated the use of granisetron in LEC from the cost-effectiveness standpoint. Studies of 5HT3-antagonist have been mainly demonstrating its roles in HEC and LEC (Koeller et al., 2002; Kris et al., 2005; . Our previous cohort study had specifically showed a significant difference between granisetron-based and standard regimens in the acute emesis control after LEC administration. With an absolute difference of 15.1% between two regimens, the complete response rate of acute emesis was used as the indicator for effectiveness in this analysis.
Consistent with an economic analysis of ondansetron in HEC (Ballatori et al., 1994) , the acquisition cost of granisetron-based regimen was much higher than that of standard regimen. However, the ratio of costs of 5HT3antagonist-based to standard regimens in both studies had decreased remarkably after consideration of the cost involved in materials and time spent for related clinical activities. In our study, whilst the ratio of drug acquisition costs for granisetron-based and standard regimens was 40.70, the corresponding ratio of total cost for two sets of treatment was reduced to 8.68 (relative change of 468.9%). This again clearly demonstrated that judging the differential cost between two treatment alternatives based on drug acquisition costs alone could be misleading (Cox and Hirsch, 1993) .
On first glance one may assume that not including the costs of hospitalization and rescue medications in this study might have biased the results. Unlike other economic analysis of antiemetic agents in chemotherapy (Ballatori et al., 1994; Lordick et al., 2007; Moore et al., 2007; Lopes et al., 2012) , those costs that reflected the healthcare care resource utilization did not give any impact on our analysis. Given that chemotherapy regimens received by our patients were all low emetogenic in nature, the readmission or additional visit to emergency department due to uncontrolled CINV were expectedly rare. In fact, no such cases were found in patient personal records which were extracted from the e-HIS system. On top of that, the administrative cost of hospitalization during chemotherapy was not included as we assumed that same facilities including beds were used as for chemotherapy itself.
Considering the efficacy, granisetron-based regimen had demonstrated a higher CER than did standard regimen by 7.31 times. This relative ratio of two groups' CER was much higher than that of the study of ondansetron used in HEC (Ballatori et al., 1994) . This was mainly attributable to the high differential cost between the original granisetron (Kytril ® ) and generic metoclopramide or dexamethasone marketed in Malaysia. Unlike most of the previous pharmacoeconomic studies of antiemetics in chemotherapy which had favored the new treatment (Cox and Hirsch, 1993; Cunningham et al., 1993; Lordick et al., 2007; Lopes et al., 2012; Humphreys et al., 2013) , our results had indicated a high ICER (MYR 430.66 per successfully treated patient) of granisetron-based regimen relative to standard regimen. To date, Malaysia does not have a published threshold to determine costeffectiveness of antiemetics. However, considering the limited annual drug budget that a hospital has, this appears to be less economically attractive. Overall, the generally low incidence of acute emesis in LEC and high ICER demonstrated by the incremental analysis had made the use of granisetron as primary prophylaxis remaining controversial.
One-way sensitivity analysis had clearly indicated that the variations in costs of dexamethasone, metoclopramide and material acquisition did not give a high impact on this model (<0.1%). A wide variation of ±50% in the cost (time) spent on the related clinical activities did not even alter the results substantially. Applying the method of a similar study (Ballatori et al., 1994) , inaccuracy due to a high degree of estimation in this part was minimized by the time and motion study. Overall, our model was relatively insensitive to the variations caused by utilization of hospital resources except drugs. As would be expected, variations in efficacy of both regimens might have completely shifted the direction of the whole model. With the assumption of similar efficacy provided, switching the original brand (Kytril ® ) to generic granisetron might have reduced the ICER by 86.1% and made granisetron almost as cost-effective as the standard regimen. However, further observation and studies are needed to confirm the therapeutic equivalence of these two products in CINV as our model was highly sensitive to the efficacy variations. To date, the evidence of therapeutic equivalence is only available for post-operative nausea and vomiting (PONV) (Aleyasin A et al., 2012) . Another issue worthy of discussion is the dosing of granisetron. It has been given as a single dose of 3mg in our hospital irrespective of patients' body weight. Studies have been demonstrating the similar response rates for doses of 1mg and 3mg Yonemura et al., 2009 ). Using 1mg granisetron (Kytril ® ) might have reduced the ICER by approximately two-third. All in all, reduced cost may be the driven force for government-funded hospitals in Malaysia to implement these two strategies.
There are few limitations in our approach. First, this was an economic evaluation conducted completely from the hospital's perspectives. All the indirect and intangible costs imposed on patients due to uncontrolled CINV which might had given an impact to our model were not included. Second, this was a retrospective analysis using data from a prospective observational study. All the data of CINV were collected from patient diaries and the information were therefore relatively subjective. A high degree of cost estimation was made especially for the time spent for related clinical activities due to the retrospective design of study in nature. Third, all the monetary costs especially the drug acquisition costs were calculated based on the prices offered to government-funded hospitals which might have been lower than prices for private settings. In addition, we did not have data for the combination of metoclopramide and dexamethasone in non-granisetron group. The additional efficacy of this combination might have made it a much more cost-effective alternative compared to the monotherapy.
In conclusion, despite the limitations, our study had suggested a high ICER (MYR 430.66 per successfully treated patient) of granisetron-based regimen relative to the standard regimen. The low incidence of acute emesis among the patients receiving LEC in nature and high ICER had made the use of granisetron as primary prophylaxis remaining controversial. In this context, using standard regimens containing only dexamethasone or metoclopramide, switching to generic granisetron and reducing its dosage may serve as more cost-effective alternatives.
